The landscape of Lokapel is characterized by a distinctive dryland vegetation, whose distribution is influenced by altitudinal change and the use of woody species by the local community along 100 m altitudinal gradient from River Turkwel (662 m) to Lokapel Hill (764 m). The paper undertakes the following: (a) to establish the influence of elevation on woody vegetation species distribution in different landscapes in the area and (b) to assess the consumptive and non-consumptive uses of woody vegetation in the area by the local community and determine the utility patterns along the altitudinal gradient. A total of forty three species of woody plants were identified with the top five species in terms of widespread distribution being; Indigofera cliffordearia (10 percent), Acacia tortilis (9.8 percent), A. nubica (8.8 percent), Balanites rotundifolia (6.3 percent), and Acacia reficiens (5.4 percent). The local people used the indigenous woody species to address a total of 18 demands including provision of livestock fodder, household construction, bio-energy, and herbal medicines. The variation in woody species and their uses showed the total number of woody species distribution has the highest peak around 680 m but altitude accounted only for 51 percent of the variation in woody species.
Introduction
Drylands are defined as areas of extreme aridity and low water moisture. They are part of the rangeland environments which receive an average annual rainfall of less than 600 mm, and whose fragile soil is unsuitable for agriculture but whose vegetative cover is suitable for livestock production. Rangelands are defined as areas carrying natural or semi-natural vegetation which provides a habitat suitable for herds of wild or domestic ungulates. Drylands occur in most continents of the world and are estimated to cover some 4.5 billion hectares or 61 million square kilometers or just over 47 percent or one-fifth of the earth's land surface but are mostly widespread in the tropic & sub-tropic regions of the world. Water shortage is therefore one of the greatest challenges facing dryland areas all over the world. In Africa, recurrent droughts that may persist for several consecutive years are the rule, not the exception in the drylands and these conditions are expected to deepen with the on-going climate change.
The global importance of dryland environments cannot be ignored because they dominate the world's terrestrial environment. Drylands provide fodder for about 360 million cattle and over 600 million sheep and goats and sustain up to . These areas include arid districts that receive marginal rainfall as low as 150 mm per annum and the semi-arid districts which receive between 400 mm and 800 mm. However, inter-annual rainfall in the drylands, which are also commonly known as arid and semi-arid lands (ASALs), can vary significantly from 50 -100 percent in the arid zones and 20 -30 percent in the semi-arid zones. Table 1 highlights the general characteristics of the dryland ecological zones (NCAPD 2010) . The drylands in Kenya are classified into four key ecological zones, namely zones IV, V, VI and VII [1] [2] . In the face of climate change, the drylands are expected to experience a significant reduction in rainfall by up to 20 percent and a temperature rise of 4˚C [3] .
The drylands of Kenya are characterized by a rich array of natural resources, most of which are largely un-documented due to the general remoteness as well as many years of both political and socio-economic negligence of the area. Although these areas are home to about 9.9 million people or approximately 34 percent of the country's population, 75 percent of its wildlife population, over 80 percent of the country's eco-tourism interests, and account for almost 60 -70 percent of the nation's livestock, they have continued to lag behind other parts of Kenya. Pastoralists in the drylands of Kenya are associated with the production of about 9.7 million beef cattle, 9.6 million goats, 8.3 million sheep and 0.8 million camels [4] . On the overall, this represents about 60 percent of the country's cattle, 70 percent of the sheep and goats and 100 percent of the camels in the country. In addition, the ASALs provide over 67 percent of the red meat consumed in the country and contribute 10 percent of the national GDP [4] .
Despite this, the drylands in Kenya are generally considered as low potential environments which have suffered many years of political and economic negligence. They continue to lag behind the rest of the country in terms of infrastructure and most forms of social services. The areas are heavily infested by poverty, disease, famine, malnutrition, illiteracy and insecurity. The ASAL region can however be regarded as the forgotten giant of Kenya for several reasons including its expansive size, its strategic position as a gateway to critical neighboring countries such as Uganda, South Sudan, Ethiopia, Somalia and Tanzania and its untapped economic potential much of which is yet to be sufficiently prospected. It would be unstrategic for a country to continue economically disregarding such a large part of districts. This is bound to change following recent discovery of large quantities of oil in the Turkana region [4] .
Apart from other resources, woody biodiversity is an important asset for dryland environments all over the world because it serves as an important life support for people, livestock and wildlife. Woody species in the drylands usually serve as an important driving force for the local economy especially through the livestock sector. In recent years, the interest on dryland biodiversity has emerged in Kenya, not only due to the oil discovery but also following fruitful bio-prospecting ventures which have discovered highly competitive natural herbal products mainly with the aid of local indigenous knowledge [4] . This includes a wide range of popular herbal products for both local and international market developed using Aloe material for which Kenyan drylands have over forty different species. The extraction of gum Arabica for industrial use predominantly from Acacia senegal is another example. Unfortunately, the intellectual property rights have totally ignored the huge contribution from the local indigenous knowledge in the identification, discovery and commercialization of natural products from dryland biodiversity. These examples indicate the huge economic potential lying within the drylands but this will only be fully unlocked [24] . Other dryland biodiversity-related studies are focused on resource property rights, ecological productivity [25] , wildlife issues [26] , and herbivore impact on dryland vegetation [27] [28] . However, it is quite clear from the profiles of available literature on dryland areas, such environments have been less attractive for scientific investigations and are very much the same picture even with planners, policy makers and most of the general public. Although some studies have considered the impact of topographic gradient on woody species diversity, the integration of this on the social dimension especially the influence of human settlements and resource utilization has not been widely considered especially in Africa.
This study was intended to inform the 2003-2005 UNDP/GEF/GoK Indigenous Vegetation Project (IVP) in Kenya by examining the woody vegetation characteristics in the Lokapel area which is within the Katilu IVP Pilot Site in Turkana. The aim was to undertake a systematic assessment of woody species composition in the Lokapel area using the landscape approach by considering a topographic profile from the downstream Turkwel River to the upstream Lokapel Hills which is located about 30 km west of Lokichar. The river and hill are two critical island ecosystems with a lot of human interest in the area due to the scarcity of resources and vulnerable livelihoods. The specific objectives of the study were: (a) to establish the influence of elevation on woody vegetation species distribution in different landscapes in the area and (b) to assess the consumptive and non-consumptive uses of woody vegetation in the area by the local community and determine the utility patterns along the altitudinal gradient. At each PCQ observation point, the ground area was subdivided into four sampling quarters using a PCQ stick. At each reference point, altitude readings were recorded using a Garmin GPS handset. The nearest woody species from the central control reference point in each quarter was identified in the field using local indigenous knowledge and latter in the office using taxonomic guides. A local team of field assistants consisting of a group of local elders were engaged throughout the sampling process to provide the local names for all the selected woody species and a checklist of all the community uses associated with each of the 4 nearest-neighbour woody species per quarter. A total of 51 sites and 204 PCQ reference sites were examined including 21, 20 and 10 sites each in transects 1, 2, and 3, respectively. Data analysis for the study included computation of summary statistics, mainly involving the calculation of means and frequencies. Species frequency was computed as the total appearances of a given species divided by the total appearances for all species in the three transects. Advanced analysis was mainly restricted to analysis of variance (ANOVA) and discriminant analysis. 
Results
The elevation records for the three transects indicated an overall range of altitu- Table 2 shows the overall species characteristics. The top ten species in terms of widespread distribution were Indigofera cliffordearia (10 percent), Acacia tortilis (9.8 percent), A. nubica (8.8 Table 2 below. The distribution indicates that the area was characterized by Acacia bushland. The lower number of species in Transect 3 was attributed to the number of observation points in this control transect. The lower diversity of wood species in this transect was also attributed to the rocky conditions and lower moisture levels in the areas outside the lagga environment. Table 2 shows the spatial distribution of woody species in the area. The key woody species in the high ground areas included Indigofera cliffordearia, Balanites rotundifolia, and Acacia reficiens. The most common woody species in the low ground areas included Acalypha fruitcosa, Boscia coriascea, Hyphaene compressa, Lycium europaeum and Salvadora persica. Acacia tortilis was one of the most widespread woody species in both low-lying and high ground landscapes. Acacia nubica which manifested an invasive tendency was mainly restricted to the middle area between Turkwel River and the Lokapel Hills especially around the Lokapel village which was heavily overgrazed and with clear signs of soil degradation.
The analysis of change in species distribution by topographic gradient showed the total number of woody species distribution has the highest peak around 680 m although altitude only accounted for 51 percent of the variation in woody species. On the overall, there was a decline in the number of species with increasing altitude as shown in Figure 2 . Consequently, it appeared that the Loka- The findings showed that indigenous woody species in the Lokapel area was largely associated with consumptive uses with only three woody species associated with non-consumptive use. For example, thirty six woody species or approximately 83.7 percent were palatable for the livestock consumption thereby making it the most important community use of woody vegetation in the area.
The second important use was traditional herbal medicine for which twenty nine species or 67 percent of the woody species were medicinal. This indicated the high dependence by the local people on woody biodiversity for their medical needs due to the lack of modern hospitals. The third major use was firewood which depended on eighteen types of woody species (42 percent) while the fourth and fifth uses involved the consumption of wild fruits from woody species and household construction which depended on thirteen and ten species respectively ( Figure 3 ).
Non-consumptive use of woody species was mainly associated with spiritual uses. These included Asparagus sp, Barlearia eranthemoides and Maerua oblongifolia which were considered as a protection against evil spirits crossing into the community area from other villages. It is believed that the above species act as evil spirit arrestors which protect people from their enemies and are therefore conserved and safeguarded for that purpose. A detailed profile of each of the above community uses of woody species is highlighted below.
In the analysis of use of woody species for livestock fodder, it was established that over 70 percent of this use was associated with eleven woody species which comprised Acacia tortilis (12.0 percent), Indigofera clifforrdearia (10.9 per- Figure 3 . Summary of importance levels for woody species in Lokapel. (8.8 percent) . Similarly, over 80 percent of the house thatching material used in the area was mostly associated with Acalypha fruitcosa (31.4 percent), Hyphaene compressa (25.7 percent) , Helliotropium longiforum (20 percent) and Indigofera clifforrdearia (11.4 percent) . This form of consumptive utilization can easily affect the abundance of the affected woody species especially due to increasing demand with population growth. This is a critical issue in an area which is associated with food insecurity and frequent famines due to regular drought. In some of the worst droughts the people survive through the use of wild fruits some of which can be quite nutritious.
The other minor uses included use of woody species for domestic and commercial carvings purpose through the making of a wide range of wooden products such as ceremonial stools, domestic equipment such as pans, mortars, pestles, and bowls as well as ornamental curios such as African drums, game sculptures, and masks for the tourism market. Most elderly Turkana men carry small stools which are known as ekicholong which are also used as simple portable chairs. They can be used instead of sitting on the sand in hot conditions and also double as headrests for keeping one's head in an elevated position away from the sand to protect ceremonial head decorations from damage. In Turkana, women are also engaged in the basketry and weaving of baskets, mats and brooms using woody species such as Hyphaene compressa and Zizyphus mauritiana. Calotropis procera is used in the making of ropes for domestic uses. Woody species especially Grewia tenax and Ficus sycamorous are used in the making of bows and arrows for local security. The species which are commonly used in the fencing of the household compound or manyatta are Acacia nubica, Acacia elatior and Zizyphus mauritiana. The woody species which are used in the making of domestic and commercial carvings are likely to be negatively affected by increasing demands for especially the area becomes more accessible to the national tourist circuits. Other minor uses of woody species in the area included tobacco flavoring using Acacia tortilis and Calotropis procera, traditional tooth brushing using Salvadora persica and milk fermentation.
The ranking of woody species according to their level of importance showed that Acacia tortilis was the most important in addressing different needs of the local community (Table 3 ). The species had twenty two multiple uses, the highest among the woody species identified. The other prominent multipurpose woody species included Balanites rotundifolia, Acacia reficiens, Hyphaene compressa, Acacia nubica, Boscia coriascea, and Indigofera clifforrdearia (Table 3) .
Discriminant function analysis was undertaken in order to determine the distribution of the most valuable woody species at different altitude, whereby the data were subjected to a square root transformation prior to analysis, to reduce positive skewness and stabilize the variances. The analysis showed that the uses of woody species differed significantly at different altitudes beyond the 682 -704 meter range.
The 682-704 m zone is the zone of peak benefit from the woody species in the Lokapel area. This is contrary to the expected trend of topographic impact whe- The distribution of woody benefits reflected a more distinct hump-shaped pattern with altitude compared to the species-richness pattern.
The findings of the study established that Acacia tortilis, the most useful species was so popular and highly respected by the Turkana people to the extent that a large number of people in the area were actually named "Ewoi", the local name for Acacia tortilis. The tree was regularly celebrated in song and dance during traditional ceremonies as an appreciation for its role in supporting the people. It was established that Acacia tortilis because of its high value in the area was associated with a rare form of private ownership regime, locally known as "ekwar", which was mostly operating within the communal property regime which characterized most of the resources in the area. In the "ekwar" system, specific owners marked some of the strategic Acacia tortilis trees as well as the best in terms of size, growth form, and location usually by attaching a tall pole against them in order to prevent communal use. This indigenous ownership system therefore allowed individual families the exclusive user rights to resources from certain highly valued trees.
Discussion
The findings showed that the small scale topographic gradient comprising 100m However, a wide range of other environmental attributes especially the soil catena and historical influence of the hydrology by the riparian environment could account for the concentration of woody species near the middle ground area. An example, the extent to which portions of a landscape may differentially capture or retain scarce water and nutrients is an important determinant of vegetation patterns, particularly with respect to the distribution of woody plants [29] .
The woody species distribution pattern established in Lokapel was similar to the hump-shaped altitudinal species-richness pattern of [30] . This is has been recorded widely around the world but mainly in large-scale topographic studies [30] . The pattern was established in northern Ethiopia in a study conducted in the highlands of Tigray and lowlands of the Afar region within Great Rift Valley However, the hump-shaped distribution pattern in this study was more distinct for the number of woody uses rather than the number of woody species.
The riverine peak in woody species concentration and their community benefits emphasized the importance of the riparian environment as a source of a wide oriented-conflicts which has been recorded in other studies [31] .
The overall decline in the number of species with increasing altitude indicated that the Lokapel Hill did not have a sufficiently strong environmental command in terms of rainfall and soil characteristics to influence the woody biodiversity as in the case of the Turkwel River. This can be explained by the fact that the study area was located in lowland dryland environment whereby the climatic impact of low-lying hills is minimal.
In terms of woody species utilization, the area can be said to practice sustainable biodiversity use because most of the heavily used woody species were also the most dominant, namely Acacia tortilis, Acacia reficiens, Acacia nubica, Indigofera cliffordearia, Balanites rotundifolia, Hyphaene compressa and Boscia coriascea among others. For example, the most valued woody species for livestock fodder, firewood and charcoal which can be very demanding were associated with Acacia tortilis, Acacia nubica, Acacia reficiens and Balanites rotundifolia which therefore were among the most valued species by the community in terms of their daily needs. However, the utilization did not appear to diminish them in the area as observed on the ground where these were among the top ten in terms of widespread distribution. Other biodiversity studies carried out in the lower and central sections of the Turkwel River identified Acacia tortilis and Hyphaene compressa as the most common woody species [31] [32] [33] .
The findings of this study revealed that the Turkana community depends heavily on woody vegetation for diverse uses. It was quiet evident that indigenous woody biodiversity is a key resource that sustains the socio-economic welfare of the local residents in Lokapel. Apart from being the source of fodder for livestock, woody vegetation is utilized for a variety of uses ranging from the provision of household utilities to sustaining human health. Woody species are also commercially exploited and used in the widespread basketry industry in Turkana. The local community has adapted to the local environment by exploiting the woody species that are in high abundance probably as a survival strategy. The study established that Acacia tortilis was the most highly valued and popular woody species that is also highly respected by the Turkana people. It is expected that this could result in higher conservation status for A. tortilis compared to other woody species.
The rare woody species such as Indigofera swaziensis (1.8 percent), Zizyphus mauritiana (2 percent), Ximenia americana (2 percent), Maytenus senegalensis (2 percent), and Maerua decumbens (2 percent) were not associated with any major community uses. Both Lycium europaeum and Salvadora persica were some of the few species whose moderately high frequency at 13.7 percent each was not coupled by a remarkable multipurpose use. However, Salvadora persica was associated with the traditional toothbrush or chewing stick called "Muswa-
ki" which has been used since ancient history especially in India to Africa. Recent studies have indicated that Salvadora persica has beneficial therapeutic properties and a good potential as an effective adaptogenic herbal remedy [34] .
Commercial trade in the species was found to be undertaken along the Lodwar-Kapenguria Highway. A study is needed to establish whether that kind of trade could eventually endanger the species in any way.
Indigenous woody vegetation was found to serve as fall-back source of food during the harsh periods of prolonged drought during which famine and starvation are quite common. At least three species were widely utilized for this purpose, namely Balanites rotundifolia, Boscia coriascea, and Hyphaene compressa.
A recent study has shown that some woody species which the local people used as a source of wild fruits, berries, and nuts are very nutritious. The Turkana doums palm (Hyphaene compressa), for example was found to have six essential minerals in the mesocarp of the nut of the Turkana doum palm [35] . The mesocarp of the nut contains substantial amounts of proteins and amino acids.
Conclusions and Recommendations
The study did not find a very strong environmental impact of topographic gradient on the distribution and utilization of woody species because of the small scale nature of altitudinal change. This was attributed to the dominating impact of the widespread lowland environment on climate in the area. This has a strong influence on the configuration of the woody vegetation beyond the influence of the small scale topographic gradient. Consequently, the strong attachment which the local community had on the Lokapel Hills as a key life support ecosystem was probably associated with its hydrological command as a source of storm water during the rains as a result of the 100 m altitudinal gradient. This flushing effect was magnified by the marginal underground soil cover in the area. These conditions enabled the local people to access water along the laggas generating from the hilltop just like the mountains are a source of precious rivers in dryland areas. The peak in woody species number at 680 m was probably the reason why the current and previous Lokapel villages were located around that zone. This means that even marginal topographic gradient will influence human settlement patterns in dryland areas by attracting people to locations in close range to the vital resources.
The woody vegetation in the area was a key livelihood asset for the local people with Acacia tortilis, A. reficiens, A. nubica, Balanites rotundifolia, Hyphaene compressa, Boscia coriascea and Indigofera cliffordearia as the most valued species. However, it is possible that the multiple demands for these species could eventually exacerbate the threat of over exploitation especially within and around village sites. This risk could escalate with increasing population and the collapse of the traditional systems and practices which have safeguarded valued woody over the years.
The following recommendations were generated from the findings and con- It is necessary to retain the traditional systems and indigenous strategies of conserving valued woody species in dry land environments especially within the landscapes associated with heavy utilization. This includes sustaining the traditional nomadic lifestyles which usually ensure periodic resting and natural recovery of tired landscapes and over utilized species.
It is necessary to explore and encourage the use of woody species that are not in very high demand although that might require a lot of effort for sufficient mindset change.
